v, ' Between 1969 and 1974, 45 cases of acute odontoid fracture were diagnosed and treated at this institution. The group consisted of 35 men and 10 women; 24 were between 19 and 40 years of age, and 21 were over 40 years old. Detectable myelopathy was appreciated in eight cases (18%). Diagnosis was established within 72 hours of the traumatic event. Initial evaluation disclosed displacement of the fracture in 17 cases (38%). Following reduction, the initial treatment was posterior fusion in three cases, and external immobilization in 42 cases. Excluding two deaths within the first week of treatment, 40 cases were available for follow-up analysis. Bone union failed to occur following periods of immobilization ranging from 4 to 6 months in 13 cases (33%). Fibrous union with no evidence of instability was apparent in two cases. Nonunion in displaced fractures was seen in 60%, with a rate of 88% in those displaced more than 4 ram. The rate of nonunion in undisplaced fractures was 16%. The rates of incidence of displacement (53% vs 26%) and nonunion (78% vs 33%) in those displaced were higher in individuals over 40 years of age than in those under 40 years. The incidence of nonunion in individuals aged under 40 with nondisplaced fractures was 12%; it was 25% for individuals over 40 years old. A total of 13 patients underwent posterior fusion. All eventually manifested stability at the C1-2 level. However, 69% failed to show bone union at the fracture site in a 6-to 18-month follow-up period.
F
RACTURES of the odontoid process index of suspicion have led to increased have been a subject of investigation recognition and understanding of this and commentary by orthopedic and traumatic disorder. In spite of this, fractures neurological surgeons for over 70 of the dens and their treatment remain a comyears. 2-4'7-10'14'18'20'23'2e '30-32,37,38,41,43,45 Advances plex problem, as precise guidelines for the in radiographic sophistication and a higher most appropriate clinical management in There is little doubt that these are potentially lethal lesions or that, if improperly treated or unrecognized, they may be a cause of significant neurological injury. 2,5,6'u'x2,24,25,aS,42,48 However, basic issues such as the rate of nonunion following the fracture have been poorly defined in the literature; Table 1 lists the incidence in nine series reporting these data. Many of the studies that have attempted to provide insight span several decades in a retrospective fashion, and do not exclude other clinical entities such as old odontoid fracture, os odontoideum, and other congenital variants that might be confused with acute fractures. 17,19,27,a6,39,44,47 Between 1969 and 1974, we have evaluated and treated 45 patients with acute fractures of the odontoid process, and have used modern techniques in radiographic assessment and external immobilization in an effort to deal with the disorder. This material was collected during a period which provided a uniform setting for accrual of data, patient evaluation, treatment, and follow-up assessments.
Clinical Material and Methods

Case Material
There were 35 men and 10 women in the group; 21 patients were over 40 years of age, and 24 were aged between 19 and 40 years; no patient was under 19 years old. Fractures were a direct result of automobile accidents in 25, falls in 11, pedestrian-automobile accidents in five, and assault in four. Associated injuries are noted in Table 2 .
Detectable myelopathy was appreciated in eight of 45 cases: three patients had hemiparesis, two a modified Brown-S6quard syndrome, two central cord syndrome, and one tetraplegia. With the exception of the 70-year-old tetraplegic woman, who died within 40 hours of pulmonary complications, all patients demonstrated full neurological recovery within 4 weeks of the traumatic event.
Initial and Late Fracture Assessment
Adequate definition and assessment of the fracture was obtained by standard plain radiographic views, and flexion and extension studies in all 45 cases. Further appraisal was achieved by tomography in 73% of the pretreatment cases. Tomographic examination with or without cineradiography was used in post-therapy evaluation of 77% of cases. All films were reviewed by members of the neuroradiographic division of the University of Southern California. Care was taken to exclude the diagnosis of either old nonunited fracture or os odontoideum on the initial posttraumatic evaluations. Criteria for making a diagnosis of nonunion were essentially those noted by Schatzker, et al., ss and included the presence of: 1) a defect in the dens with continuous sclerosis of both fragments (vascular pseudoarthrosis); 2) a defect in the dens with continuous resorption of both fragments (rarefying osteitis or atrophic pseudoarthrosis); 3) a defect in the dens with definite loss of cortical continuity; and 4) demonstrable movement of the dens frag-ments during flexion and extension, or on cineradiographic views.
Excluding two early deaths within the series, the minimum follow-up assessment period was 6 months, with a mean of 16.2 months.
Initial Radiographic Findings
Appropriate radiographs demonstrated fractures at the base of the odontoid in 36 cases and fractures involving the base and body of the axis in nine. Fractures of the apical portion of the odontoid rostral to the accessory ligaments were not observed. Displacement, that is, loss of cortical alignment in lateral views taken in neutral position, was found in 17 of 45 cases (38%). Anterior displacement greater than 4 mm was appreciated in eight, and anterior displacement less than 4 mm in seven. Posterior displacement was seen in only two cases, in both of which it was less than 4 ram.
Initial Fracture Management
All fractures were diagnosed and treatment was initiated within 72 hours of hospital admission. Once the diagnosis of a fracture was established, usually on the basis of plain films, some mode of external immobilization was instituted. All displaced fractures were reduced by skeletal traction. These reductions were accomplished without difficulty by means of 12 to 15 lb of traction.
Nondisplaced fractures were treated with either cervical halter or skeletal traction depending on the overall status of the patient and the estimated period that this therapy would be utilized. Following a period of patient stabilization, which ranged from 12 hours to 2 weeks, definitive management of the fracture was undertaken. One of the 45 patients died 48 hours after admission; that patient was a 70-year-old woman, who entered with evidence of severe upper cervical cord dysfunction and pulmonary complications.
Treatment and Outcome
Nonoperative Treatment
External immobilization was the initial definitive treatment in 41 patients. Immobilization was maintained for a minimum of 14 weeks (range 14 to 20 weeks). These patients were assessed radiographically for nonunion at the conclusion of this period. In addition, films were obtained at intervals to monitor alignment and maintenance of fracture reduction in displaced cases. There was one early death due to bilateral bronchopneumonia in an elderly patient who had been treated with a halo apparatus? 4'48 Thus, 40 cases remained with adequate periods of immobilization for analysis. 29' a8 Modes of external immobilization were selected on the basis of several factors, including fracture displacement, patient reliability, and the patient's overall physical status. Reliable patients with nondisplaced fractures were usually treated with a modified Thomas bracing; less reliable patients were treated with Minerva plaster jackets or halo apparatus. Two patients with complicated surgical courses were maintained in skeletal traction with Vinke tongs.
Twenty-two patients were treated with Minerva plaster jackets, with nonunion in five; five were treated with halo apparatus, with nonunion in three; two were treated with skeletal traction, with nonunion in one; 11 were treated with modified Thomas braces, with nonunion in four. Therefore, of a total of 40 cases treated with external immobilization as an initial definitive treatment mode, 13 (33%) did not manifest fusion. Two of these did, however, have evidence of fibrous union 7,29 with no evidence of instability on flexion-extension or cineradiographic studies. The remaining II fractures remained unstable. It was noted that although the check films taken during the course of therapy disclosed good cortical alignment at the initial application of plaster or halo immobilization, this alignment was lost as the course progressed.
The overall rate of nonunion in our cases treated with initial immobilization was 33%. Analysis of the case material suggests that three important factors influence the incidence of bone union in odontoid fractures. These factors are the age of the patient, the presence or absence of displacement of the fracture, and the degree of displacement. An analysis of this correlation is given in Table 3 .
Operative Management
Thirteen patients underwent posterior wiring and fusion (Table 4) . This was the initial procedure in three patients, and in 10 was undertaken after failure of fusion by external immobilization. In 12 cases, the operation was essentially as described by Alexander, 1 with posterior iliac crest bone serving as fusion material. In one case, because of an accompanying fracture of the posterior ring of the atlas, the occiput was included in the fusion process. Patients were maintained in modified Thomas braces for 3 to 4 months after operative fusion. At the completion of this period, tomograms and either flexionextension or cineradiographic studies were undertaken in each to assess stability.
It is noteworthy that 10 of the 13 fractures were initially displaced and that seven of the 13 involved the body of the axis, a finding which was previously considered to favor union because of the provision of an increased cancellous surface. 4 There were no significant complications in the operative group of patients, and in follow-up periods ranging from 6 to 18 months, there were no adverse effects related to the fusion procedure. Radiographic assessments demonstrated complete stability at the atlantoaxial level in all cases, despite persistent nonunion of the dens in nine of 13 cases (69%).
Discussion
The integrity of the dens is necessary to provide stability at the atlanto-axial region. Acute mortality with this treatment is less than the 50% described by Osgood and Lund 3~ and is probably closer to the 8% figure quoted by Amyes and Anderson. a In our series, there were two early deaths related to the fracture in 45 cases. In eight (18%), there was evidence of neurological injury as a result of a traumatic bone lesion. This figure conforms with most of the recent series dealing with this entity. 4.7. 36 Treatment of this lesion is directed toward restoration of the functional integrity of the atlanto-axial unit. In 1928, Osgood and Lund s~ stated that the essential principle of treatment is complete immobilization. Since that time, a number of investigators have addressed themselves to the problem of odontoid fracture, a major issue being whether the patient should be operated on immediately to assure stabilization, or whether external immobilization is sufficient in most cases to insure union and restoration of stability. Taking these fractures as a group, the stated rate of nonunion with conservative management has ranged from 6% to 64% (Table 1) , with an average of approximately 40%. This figure coincides with our 33% nonunion rate with external immobilization. However, it should be stressed that our treatment groups were composed of individuals with only acute odontoid fractures; those with old fractures and congenital malformations were excluded.
In addition to defining the rate of nonunion, we have investigated factors related to the patient and the fracture per se that might aid in selecting candidates for early operative stabilization. The level of the fracture on the dens, 4,3s involvement of the body of the axis, 4 and fracture displacement have all 7,29,38,3s been considered important variables relative to the potential for ultimate union. Our data support the view that initial displacement is critical in assessing the future possibility of dens --union. The overall nonunion rate in undisplaced fractures was 16%, while 60% of displaced fractures failed to unite, and 88% of fractures displaced greater than 4 mm failed to unite (Table 3) . Schiff and Parke 4~ described the blood supply of the odontoid. Derived from both vertebral arteries, an arcade is formed around the dens with perforating vessels entering the body of the axis and the odontoid apex. Clearly, significant displacement may disrupt the arcade and compromise vascularization of the bone elements of the region, thus predisposing to the observed nonunions. What is particularly impressive is the fact that reduction of displaced fractures could not be maintained even with a halo apparatus so that cortical alignment could be assured. Schatzker, et al., 38 pointed out this problem in relation to Minerva jackets. However, Prol& 3 considers the halo to be more effective in maintaining reduction.
Our data indicate that age is another factor to consider in choosing external immobilization or early operative management of odontoid fractures. This factor has been alluded to by others, 7,38 but no definite statement has been made regarding its significance. If an individual is over 40 years of age, displaced fractures carry nearly an 80% rate of nonunion. This indicates that operative stabilization and fusion is the treatment of choice within this group if the patient's overall physical status permits it. Alterations of blood supply s8,4~ may be a critical variable in this patient group. In fact, even within the group of nondisplaced fractures, the nonunion rate in those aged over 40 is twice that of those under 40 years old.
The data related to nondisplaced fractures indicate that patients of all ages are candidates for conservative management; only 12% of the group aged under 40 years and 25% of the group over 40 failed to fuse, an overall rate of 16%. These figures do not justify early surgical intervention.
Considering the mode and period of immobilization, both Minerva-type bracing and plaster jackets have been recommended 3,4,7,2~ as desirable methods of conservative management. There has been little comment regarding the use of the halo apparatus. 34,4s Analysis of our data seems to indicate that the mode of immobilization is not critical in undisplaced fractures as nonunion rates with both braces and plaster jackets were comparable. Our numbers were too small within the halo group to draw conclusions regarding the effectiveness of this form of immobilization in undisplaced fractures. Our selection of external immobilization was based largely on the reliability of the individual patient, and the fracture displacement. Reliable patients and those without displacement were generally treated with modified Thomas braces, while those less reliable or those with displacement were treated with plaster Minerva jackets or halo apparatus. Both plaster jacket and halo immobilization proved inadequate in maintenance of reduction in significantly displaced fractures.
Amyes and Anderson 3 stated that 6 to 9 months of immobilization was essential to provide an optimum setting for union at the fracture site. The more recent data reported by Schatzker, et al., 38 have disclosed that fractures that did not unite after 10 weeks show no evidence of union in follow-up periods averaging 16~/~ months. In our series, no fractures that showed evidence of nonunion at 12 weeks went on to union in periods of more extended follow-up review.
Although several alternative fusion procedures have been suggested, x~ all but one of the patients who came into the operative candidate group underwent posterior fusion as described by Alexander? We prefer to operate on the patients in Vinke tongs and to perform the surgery on a Stryker frame with x-ray control of the final position of the fracture to insure proper alignment. Iliac donor sites have been employed. In spite of some difficulty in the hands of others, 15 verified fusion has been accomplished in all of the 13 patients with no mortality and no significant morbidity.
Conclusions
On the basis of these cases, the following conclusions may be drawn regarding the management of acute odontoid fractures:
1. All undisplaced odontoid fractures should be treated by external immobilization, and the mode of immobilization is not critical.
2. All fractures displaced more than 4 mm should be considered candidates for primary operative management.
3. Displaced fractures in individuals over 40 years of age are probably best managed by initial operative management, whereas the prognosis for nonoperative management is better for patients under 40 years of age.
4. In experienced hands, posterior wiring and fusion of C 1-3 is a procedure of low mortality and morbidity.
